TiPO 4 shows interesting structural and magnetic properties as temperature and pressure are an inorganic phosphate compound. In this work we characterize the electronic structure and other physical properties of these new phases by means of ab-initio calculations, and investigate the structural transition. We find that the appearance of phases IV and V coincides with a collapse of the Mott insulating gap and quenching of magnetism in phase III as pressure is applied. Remarkably, our calculations show that in the high pressure phase V, these features reappear, leading to an antiferromagnetic Mott insulating phase, with robust local moments.
I. INTRODUCTION
Modern advances in experimental high-pressure techniques have lead to numerous discoveries of new phenomena and previously unknown phases of materials [1] [2] [3] . Recently, experiments based on synchrotron x-ray diffraction in diamond anvil cells 4 found two new high-pressure phases of TiPO 4 . One of these new phases, phase V, showed the first experimental confirmation of 5-fold O-coordinated P-atoms in an inorganic phosphate compound.
At ambient conditions, TiPO 4 crystallizes in the orthorhombic CrVO 4 -structure (space group Cmcm) which features TiO 6 and PO 4 polyhedra (Fig. 1a) , and is referred to as phase I 4 . The edge-sharing TiO 6 octahedra form quasi-one-dimensional (1D) magnetic chains along the c-axis. By means of nuclear magnetic resonance measurements in combination with ab-initio calculations, magnetic coupling along these chains has been determined to be antiferromagnetic (AFM) 5 . TiPO 4 has attracted attention as being one of only a few inorganic materials undergoing a spin-Peierls (SP) transition with a particularly high critical temperature of T SP = 74 K 5-7 , which can be compared to T SP = 14 K in CuGeO 3 , and 34 K in NaV 2 O 5 8, 9 . The temperature of the SP transition in TiPO 4 appears to be sensitive to the applied pressure. Ambient temperature compression to 4.5 GPa leads to an incommensurately modulated structure (phase II), that is seen upon cooling below 111 K at ambient pressure. The commensurate spin-Peierls phase III (Fig. 1b) 
II. EXPERIMENTAL DETAILS
A single crystal of TiPO 4 from the same synthetic batch that was used for the high-pressure studies in Ref. 4 was placed inside a sample chamber in a BX90 diamond anvil cell. Neon was 4 used as a pressure-transmitting medium, while a small chip of ruby was used as a pressure standard 10 . The sample was compressed in a few steps up to 51 GPa to track the color change of the crystal upon compression.
III. COMPUTATIONAL DETAILS
Calculations were performed using the projector augmented wave In Fig. 3 we show the obtained volume-pressure relation for phases I, III, IV and V. Phase I was set up in the same AFM configuration used in earlier calculations 19 . We considered phase III in the AFM configuration suggested by experiments 4 . For phases IV and V we ferromagnetic ↑↑↑↑, as well as three antiferromagnetic configurations, ↓↑↑↓, ↓↑↓↑ and ↑↑↓↓ (the order of Ti atoms is shown in Fig. 1 ). For phase IV, all configurations lie within 2 meV/atom from each other, with the AFM configuration ↓↑↓↑ having the lowest enthalpy.
In phase V, the difference in enthalpy is at most 4 meV/atom, with the AFM configuration ↓↑↑↓ being the lowest. The difference in enthalpy is very small compared to typical thermal energy at room temperature (kT ∼ 20 meV). This means that at room temperature, phases IV and V are most likely in a paramagnetic state with disordered local moments.
There is a pressure-independent underestimation of the theoretical unit cell volume of about 4% compared to experiments. However, the overall behaviour of the EOS is very well reproduced. Our results for B 0 agree well with previous results obtained for phase I using the PBE functional, without on site interaction U 19 , however we obtain a lower value of V 0 .
This should be seen in the light that our calculations do not include thermal effects and that the PBE functional fails to reproduce an insulating ground state for phase III. The transition from phase III to phases IV and V includes a decrease in the unit cell volume.
In Table I we summarize the equilibrium parameters obtained from the EOS fits for the different phases. Note that for phase IV and V there is a decrease in equilibrium volume and a significant increase in bulk modulus. Comparing phases III and V, there is a twofold increase of B 0 for the high pressure phase.
In Fig. 4 we show the enthalpies of phases IV and V relative to phase III. We see that phase V becomes favorable over phase III at around 25 GPa, and phase IV becomes favorable over phase III at around 33 GPa. In (room temperature) experiments these two phases have clearly visible. This is in line with experimental observations (Fig. 2) that the samples are transparent at this pressure. As pressure is increased the gap at the Fermi level shrinks, also in agreement with experiment. In Fig. 5b we see that at a pressure around 33 GPa the gap in phase III is completely closed. This pressure is lower than the experimental pressure at which samples lose their transparency. However, it is the same pressure at which phases IV and V become energetically favorable in calculations. Although calculations underestimate the transition pressure we conclude that, in agreement with experiment, the closing of the gap and the structural transition from phase III to phases IV and V coincide.
In Fig. 5c 0.15 eV. Indeed, the samples are seen in experiments to be dark (Fig. 2d) .
In Fig. 5e the calculated DOS for phase V at a pressure of 36 GPa is shown. The DOS for phase V at 58 GPa is shown Fig. 5f . A very narrow, singly occupied, d-level is separated from a high binding energy manifold. A wide insulating gap separates the occupied and unoccupied d-orbitals. Experimentally the samples seem to be darker, almost black. It should be noted that the sample contains a mixture of phase IV and V at this point, and our calculations indicate that the gap in phase IV should be very small, making phase IV appear black. Phase V has in contrast a larger gap and should thus be transparent. In the sample the black phase IV is likely obscuring the transparent phase V.
The local DOS for one Ti atom in phase V is shown in Fig. 8 . On the contrary, in phase V the magnetic moments are comparatively large, 0.8µ B , and decrease very slowly with increasing pressure. Due to the crystallographic geometry, there is no overlap between neighboring d xz states (Fig. 9) . The AFM order therefore seems to be of phase V is also higher than that of phases III or IV and our calculations show that phase V is the stable phase at high pressures. Thus, it should be possible to detect the inverse pressure-induced Mott transition in TiPO 4 experimentally. In summary, our study shows that TiPO 4 displays intriguing phenomena not only at low temperature but also at high pressure.
